Abstract : In this study we examined whether nitric oxide (NO) expression in various areas of the rat brain is affected in a model of ethanol dependency. We compared the effects of ethanol administered in single or repetitive doses (by oral gavage and ad libitum) on NO concentration the brain, in the presence and absence of intraperitoneally-injected NO synthase (NOS) inhibitors N G-nitro-L-arginine methyl ester (L-NAME) and 7 nitroindazole (7-NI). NO was quantified by detecting NO 2, using a NO 2-/ NO 3-assay kit. The NO levels were significantly higher with repetitive ethanol administration, compared to saline-administered controls, in all parts of the rat brain. The NO levels in the brains of rats given single doses of ethanol were significantly greater than in controls, except in the hypothalamus. These differences were reduced by treatment with 7 NI (a selective nNOS inhibitor). We conclude that ethanol administration increases NO levels in the rat brain, and that these increases are mainly produced by nNOS. We propose that elevated NO levels in the hypothalamus, which are particularly marked with repetitive ethanol administration, activate the hypothalamic-pituitary-adrenal axis, resulting in the development of alcohol dependence.
Introduction
Nitric oxide (NO) is synthesized from L-arginine by three kinds of nitric oxide synthase (NOS) : neuronal (nNOS), inducible (iNOS), and endothelial (eNOS)1). In the central nervous system (CNS), where NO is an important modulator2,3) nNOS is the key enzyme for NO production4). NO influences various neurophysiological functions, including feeding 5), drinking 6), and anxiety's . There is evidence that NO is involved in the behavioral effects of ethanol 8), and that NOS inhibitors decrease the severity of ethanol withdrawal 9). With chronic administration of ethanol, nNOS-mRNA levels remain unchanged in rat frontal cortex, but are decreased in the hippocampus and markedly increased in the stratum 10). In contrast, acute administration of ethanol (3.0 g / day) does not affect nNOS activity in rat brain ". Prenatal ethanol exposure, however, decreases the number of NOS-positive neurons in the rat superior colliculus and periaqueductal gray 12) . The above studies demonstrate Department of Pharmacology, School of Medicine, Showa University, 1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142-8555, Japan. 
Animals
Male Sprague-Dawley rats (Sankyo Labo Service, Shizuoka, Japan) were maintained at 24°C with free access to a standard pellet diet (Oriental Co, Tokyo Japan), under a 12-hour light / dark cycle. At 6 weeks old, the animals (n=34) weighed 153.6 ± 4.3 g (mean ± SD). All experiments were carried out in strict accordance with the NIH and Showa University guidelines for the care and use of laboratory animals.
Administration of saline or ethanol
The Saline Administration group (n=6) was administered saline (by oral gavage and ad libitum) at volumes identical to the volumes of ethanol administered to the Repetitive Administration group (see below). The Single Dose group (n=8) received oral gavage of a 33% ethanol l saline solution at a dosage of 9.0 g / kg. The Repetitive Administration group (n=20) received oral gavage of a 33% ethanol / saline solution at a dosage of 5.0 g / kg on the first day, 10.5 g / kg on the second day, and 12.0 g l kg on the third day. On the 4 th to the 7 th days, they drank 20% ethanol solution ad libitum. The above protocol was considered a single period ; ethanol was administered for a total of three such periods over 21 days. By using this regime, we aimed to administer the maximum tolerable dosage of ethanol that would result in the development of physical dependency over a few days 13,14)
Administration of NOS inhibitors or saline
To investigate the effects of the NOS inhibitors 7-nitroindazole (7 NI) and N-nitro-Larginine methyl ester (L-NAME) on NO concentration, the Repetitive Administration group was divided into three subgroups, which received either 7 NI (n=7), L-NAME (n=6) or saline (n=7).
These were injected intraperitoneally, 15 hours after the last ingestion of ethanol ; 7 NI (30 mg l kg) in peanut oil, L-NAME (50 mg / kg) in saline, or saline alone at the same volume. The rats were decapitated 24 hours later. 7 NI and L-NAME were obtained from Dojindo (Kumamoto, Japan). Measurement o f serum ethanol concentrations Blood samples were collected from the jugular vein 30 minutes after ethanol ingestion. Another blood sample was collected at any point during the free intake to estimate the average concentration of ethanol in the blood. The sample tubes contained EDTA for anti-coagulation. The blood was centrifuged at 1600 g for 15 minutes at 4 °C , and the plasma was collected. Plasma (0.3-0.5 ml) was centrifuged at 12,000 g for 20 minutes at 4°C in Centricut tubes (Kurabo Industries Ltd, Tokyo L-NAME (0.06 ±0.02 limo! l mg, P<.05) and 7 NI (0.04 ±0.001 ,umol l mg, P<.01) in the midbrain and for L-NAME (0.20 ± 0.01,umol / mg, P < .05) and 7 NI (0.10 ± 0.05 lmol / mg, P < .01) in the hypothalamus (Fig. 2) pus 5). Ethanol exposure also leads to an increased production of NO in primary pial cell cultures 17). In a recent study, it was suggested that NO might be involved in the chronic alcohol ingestion process, and that a reduced NOS profile in the hippocampal formation of normal subjects might be a marker of vulnerability in this region 18). In contrast, Ikeda et a111) reported that nNOS activity is resistant to ethanol at clinically relevant concentrations, suggesting that ethanol affects the NO-operated system in the brain through a pathway 
